Background. The diamondback moth [Plutella xylostella (L.)] is a major insect pest of cruciferous vegetables due to its infestation and resistance to pesticides. Pheromones have highly specialised advantages for each species and they leave no chemical residues. This study was an attempt to improve the understanding of the pheromone trap technique, a necessary step to produce safe vegetables in Vietnam. Material and methods. The investigations were conducted on cabbage (Brassica oleracea L. var. capitata) in Hanoi. Pheromone traps were used to catch adult diamondback moths every day and to count larvae on cabbage every 7 days. The data were analysed with Microsoft Excel 2007 and 
Introduction
The diamondback moth [Plutella xylostella (L.)] is a major insect pest of cruciferous vegetables due to its infestation and resistance to pesticides. Diamondback moth larvae damage cruciferous plants at all stages of development, from planting to harvesting. They decrease productivity and the commercial value and reduce the economic value of cruciferous vegetables. However, the scale of damage depends on the density of pests in the field, which is controlled by natural enemies such as syrphid flies, rove beetles, ladybirds, parasitic wasps and spiders. The number of larvae changes over time, depending on the number of adults appearing at an earlier time.
Pheromones are substances produced by insects, which have specific effect on the members of their own species (Bartell, 1977) . Due to the fact that they have special advantages for each species, inhibit the development of pesticide resistance in pests, and leave no chemical residues, they are safe for natural enemies and the environment. Therefore, pheromones are widely used for plant protection to detect, monitor and control pests in agricultural crops in many countries, especially those with highly developed agriculture, such as the US, European countries, Japan and Taiwan.
In Vietnam applied research on pheromones began only in 2002 through cooperation programmes under the protocol resulting from the agreement between Vietnam and China, the protocol between Vietnam and Korea of 2005, or the protocol between Vietnam and America of 2007. Studies on pheromone traps have been conducted on the pests of many crops, such as fruit trees, food crops and vegetables, e.g. the rice yellow stem borer (Giang et al., 2012) , sweet potato weevil (Linh et al., 2012; Son et al., 2012) , rhinoceros beetle (Hao et al., 2003; Hien et al., 2005) , pink bollworm (Ut and Tho, 1997) . Several techniques were applied, such as: trap density, trap height, trap type (Trinh and Au, 2005; and the sex pheromone component (Vang et al., 2008) . The results mostly focus on assessment of the potential usage of pheromones in pest control. This study was an attempt to produce safe vegetables in Vietnam.
Material and methods
The experiments were conducted in safe vegetable production zones in Hanoi, Vietnam, in September and December 2011, and from January to April 2012. In both seasons, cabbage (Brassica oleracea L. var. capitata) seedlings and pheromone traps were placed in an area of approximately 5,400 m 2 at a density of 100 traps per 1 ha. In total, 108 traps were used for two seasons. The cabbage was transplanted into 30 plots of 147 10 m × 18 m each with a spacing of 2 m between the plots. In each plot there were 10 raised-bed ridges of approximately 1.2 m in width and 10 m in length. The spacing between the ridge beds was 60 cm. There were three rows in each ridge bed with plants spaced at 40 cm. Thus, a total of 750 cabbage seedlings were transplanted into each plot.
Pheromone traps for diamondback moths were made in plastic bowls with a diameter of 18-22 cm. Three-four small holes were perforated to hang them on racks. The plastic bowls contained water and glycol to keep the samples stable (Fig. 1) . All pheromone baits were placed in a cylindrical cage (2.5 × 5 cm in size) with holes to increase the dispersal of active ingredients of pheromones. The baits contained 2 mg of (Z)-11--hexadecenal, (Z)-11-hexadecenol and (Z)-11-hexadecenyl acetate (Fig. 2) . The pheromone traps attracted adult males of Plutella xylostella. The pheromone baits were replaced every 20 days to keep the power of attraction for moth adults. Dead moths were counted and removed from each trap every day. Then water was added. The density of larvae was estimated in 7 days' time, following the national technical regulation on investigation methods to detect plant pests issued in 2010. The ten--point cross-angle method was used for investigations in the area under study. Five cabbages were chosen at each point and all the larvae on them were counted.
The data were analysed with Microsoft Excel 2007 and Irristat 4.0. Descriptive statistics and regression were used to determine mean, standard errors (SE) and regression equations. Variable Y referred to the larval density, variable X referred to the number of adult insects in the trap. The results showed that in both seasons the fluctuations in the larval density were similar and the number of larvae in both seasons gradually increased. During the early stages of seedlings all larval densities amounted to zero. They reached the peak value within approximately 56 days after planting. The greatest density of the pest in the first season was 21.2 larvae per 1 m 2 for the trapping formula and 22.1 larvae per 1 m 2 for the non-trapping formula. In the second season it was 17.5 and 19.5, respectively. It is noteworthy that we obtained adult samples at early stages of investigation in the first season, which can be explained by movement from the early season to the main season. Pest infestation may be low if precautionary measures are taken at this time.
Results and discussion
There were differences in the number of larvae between the trapping and non--trapping plots -the density in the former was always lower than in the latter. In the first season the density of larvae in the variant with pheromone traps was 9.35 ±2.37 larvae per 1 m 2 , whereas it was 11.79 ±2.37 larvae per 1 m 2 in the non-trapping formula. In the second season the densities were 7.19 ±1.79 and 9.19 ±2.12, respectively. It showed the benefits of pheromone traps, which affected the density of larvae in the field.
The correlation between the number of adult insects in the trap and the density of larvae is an important indicator showing the potential of pheromone traps (Figs. 3, 4) . In both seasons the correlation between the two variables was relatively tight-structured, i.e. R = 0.838 in the September-December 2011 season and R = 0.850 in the January--April 2012 season. We built a regression equation to confirm the efficacy of traps in both seasons. In the first season the parameter significance F = 0.000202 (< 0.05), and in the second season F = 0.000146 (< 0.05). The results were reliable and the number of adult insects in the trap was linearly proportional to the larval density. This indicates that pheromone traps can be used to predict the peak of moths to prevent damage in the field. 
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We know that chemicals boost agricultural productivity, but the use of pesticides has also raised concerns about its impact on humans, wildlife and sensitive ecosystems. Today in Vietnam there is a conflict between cheap and rather efficient plant protection with pesticides and the resulting pollution of water resources, but nevertheless, the price of pesticides or pheromones should not be equated with the economy of use. The opinion that pesticides are less expensive than pheromones and give more economic benefits needs to be reconsidered.
The results in Figure 5 indicate that the use, input costs and total income of pheromone traps was lower than in the second formula. However, the profit in the first formula was higher than in the other one. This can be explained by the fact that the use of pheromone traps on their own requires less investment capital but brings more profit. It should reduce the cost and volume of pesticide spraying by two-three times. . It resembles the results obtained by Trinh and Au (2005) , where the corresponding numbers were 3.5-35.8 adult insects per trap per day and 0.3-20.1 larvae per plant. also pointed out that if pheromone traps were used as a measure of integrated pest management, at a density of 100 traps per 1 ha in combination with probiotics, they would both make the prevention effective and save the costs. In our field experiments there were always differences in the larval density between the formulas. The density of larvae in the trapping formula was always lower than in the non-trapping one, which suggests that pest density can be fully constrained by pheromone traps.
Until now the materials used to capture insects, i.e. water and glycol, have been replaceable. Moreover, the trap is made only from a plastic bowl, so the price is low. A pheromone bait made from a Vietnam rubber tube (about €0.02 per tube) is as attractive as one prepared from Aldrich rubber tube (about €0.625 per tube) (Linh et al., 2012) . This was proved in our experiments with pheromone traps: the investment cost is lower than the use of pesticides only. The input cost of a pheromone trap is €121 per 1 ha, whereas the cost of pesticide is €169 per 1 ha (Fig. 5 ). There is a relatively big gap in the amount of investment between the two formulas. Pesticides require higher in- 151 vestment, but yield lower profit than a pheromone trap (€552 per 1 ha vs €572 per 1 ha). Not only are pheromone traps economically beneficial, but they are also safer to the environment and cleaner for people. However, our further investigation in Vanduc Commune, Hanoi, Vietnam, showed that pheromone traps were used only in 24 out of 300 households surveyed. This shows that farmers are not ready to apply new methods of agricultural production. They need more time and better results to switch to green, clean and sustainable agriculture.
Conclusions
1. There were different larval densities in two variants of the experiment. In both seasons the larval density in the formula with pheromone traps was lower than in the one without traps.
2. Pheromone traps affected the density of larvae in the field. They can be used by farmers for pest management to predict the peak number of moths in the field.
3. Not only are pheromone traps more economical than pesticides on their own, but they also protect the environment and ensure the sustainability of ecosystems.
